Cryptorchidism and hypospadias in sons of gardeners and farmers. by Weidner, I S et al.
Articles
Cryptorchidism and Hypospadias in Sons of Gardeners and Farmers
Ida Sloth Weidner,1 HenrikM0IIer,2 Tina KoldJensen,1 andNiels E. Skakkebak1
1Department of Growth and Reproduction, Copenhagen University Hospital, Copenhagen, Denmark; 2Centre for Research in Health and
Social Statistics, The Danish National Research Foundation, Copenhagen, Denmark
Cryptorchidism andhypospadiashave beenrdatedtoprenatalestrogenexposurein animal mod-
ds. Some chemicals used in farming and grening hae been shown to possess estrogenic and
other hormone-disrupting effects. Earlier studies have indicated increased risk ofurogenitl
malformations in the sons ofpestidde appliers. In thepresent study, parental occupaiin the
frming and gardeningindustry among 6,177 cases ofcryptorchidism, 1,345 cases ofhypospa-
dias, and23,273 controls, bornlive from 1983 to 1992 in Denmark, was eigatd n aregis-
ter-based case-control study. A significantly inc d risk ofcryptorchidism but not hypospa-
dias was found in sons ofwomenworking in gardening (adjusted odds ratio - 1.67; 95% confi-
dence intervlX, 1.14-2.47). The risks were not iase in sons ofmenworking in farming or
gardening. The incraed risk ofcrptorchidism among sons offemale gardeners could suggest
an association with prenatal exposure to occupationaily related chemicals. Key won& cae-cn-
trol studies, cryptorchidism, hypospadias, pesticides. Environ Healtb Perspect 106:793-796
(1998). [Online 12November 1998]
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There is evidence that male reproductive
health has suffered impairment over the last
decades. Apossible decline in semen quality
in several countries (1-5), which has been
the focus ofconsiderable controversy (6,7),
parallels a well-established increase in the
incidence oftesticular cancer in young men
in several countries (8-10). Increasing inci-
dences of cryptorchidism and hypospadias
have likewise been reported (11-14); how-
ever, time trends associated with these mal-
formations may be difficult to interpret due
to potential changes in diagnostic criteria
and treatment routines (13). Recently, an
association between fetal exposure to envi-
ronmental estrogens and the impairment of
male reproductive health has been suggested
(15). In animal studies, estrogen exposure
during pregnancy resulted in the develop-
ment ofcryptorchidism and hypospadias in
the male offspring (16,17). Some pesticides
have been reported to posses estrogenic or
antiandrogenic properties (18-20). Prenatal
exposure to such pesticides may therefore
increase the risk of cryptorchidism and
hypospadias. Although indicative of such
associations, previous research on potential
pesticide exposure and urogenital malfor-
mations is still too sparse for firm conclu-
sions to be drawn (21-26).
Pesticides and additives used in formula-
tions with pesticides reported to have estro-
genic or antiandrogenic activity (18-20,27)
have been used in Denmark in farming and
gardening (28,29). The present register-
based case-control study explores the
hypothesis that maternal occupation in
farming or gardening increases the risk of
cryptorchidism and hypospadias in the male
offspring. In addition, as most previous
studies have made no distinction between
male and female exposure, we decided to
investigate paternal occupation in farming
and gardening as well. No attempt was
made to explore occupations other than
farmingandgardening becausewehad no a
priori hypothesis of exposure to hormone-
disruptingsubstances in otheroccupations.
Materials and Methods
Subect. All residents ofDenmark are pro-
vided with a personal identification number
that follows the person throughout life; the
numberisrecordedintheDanishPopulation
Register. This registration provides a unique
opportunity for epidemiological investiga-
tion. Data in The Danish National Patient
Register, which nationwide covers allhospital
discharge diagnoses and operations per-
formed since 1977, were linked to the
Fertility Database at Statistics Denmark,
using patients' personal identification num-
bers. The Fertility Database holds a series of
background variables on children and their
parents obtained from other registers operat-
edbyStatistics Denmark(30).
In our studywe induded all males born
live in Denmark from 1983 to 1992, who
were discharged from a Danish hospital
with a diagnosis of cryptorchidism or
hypospadias, induding all variants of both
conditions as defined in the World Health
Organization International Classification of
Diseases, 8th and 10th revisions, or with an
operation performed specifically for cryp-
torchidism or hypospadias. Cases were
identified in the Danish National Patient
Register, which at the time of retrieval
induded records of all discharge diagnoses
until 1995 and all operations performed
until 1996 in Denmark. Using similar crite-
ria, additional cases were identified in the
Danish Malformation Register, where mal-
formations observed in the first year oflife
may be recorded. The study was restricted
to liveborn boys because the observation and
registration of minor malformations is less
complete in stillborn children. In addition,
the relevant occurrence ofcryptorchidism is
difficult to assess in stillborn boys because
the testes descend into the scrotum shortly
before termination ofnormal gestation.
Ofthe 6,177 cases with cryptorchidism
identified, 4,226 cases had a record ofsurgi-
cal treatment related to cryptorchidism and
206 cases were identified in the Danish
Malformation Register only. Of the 1,345
cases with hypospadias identified, 650 cases
had a record ofsurgical treatment related to
hypospadias and 45 cases were identified in
the Danish Malformation Register only.
Ninety-two boys had a record ofboth cryp-
torchidism and hypospadias and were
induded as cases in both analyses.
All information about risk factors was
obtained from the Fertility Database at
Statistics Denmark (30). Data concerning
parental occupation in the year ofconception
were obtainedfrom taxauthorityinformation
sheets onwhich theemployerhad indicateda
previously agreed serial number correspond-
ing to the employee's working place (31).
Gardening included work in greenhouses,
outdoor gardening, orchards, and nurseries.
Landscape gardeners make no appreciable use
ofpesticides and were therefore induded in
the "other and not available" category, as
were parents in unspecified service jobs asso-
ciatedwithgardeningandfarming.
Risk factors were studied by comparison
with one common control group from the
Fertility Database (n = 23,273), from which
all incidentally occurring cases had been
exduded. The control group was selected at
random from the entire population ofboys
born in Denmarkbetween 1983 and 1992.
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Staistical analyses. Statistical analyses
were performed using contingency tables
and unconditional logistic regression analy-
sis. Year ofbirth was included as a covariate
in all analyses. This was necessary because
boys with different years ofbirth have dif-
ferent probabilities of being recorded with
cryptorchidism or hypospadias due to dif-
ferent observation time. Hence, boys born
in 1983 had an average of 12.5 years in
which the diagnoses could be recorded;
those born in 1992 had only 2.5 years. The
inclusion of year of birth in the statistical
analyses takes account of this difference
between the birth cohorts.
Results are presented both with and
without adjustment for birth weight.
Further multivariate analyses included a
number ofcovariates: gestational age, pari-
ty, twin birth, a maternal history ofprevi-
ous stillbirth, parental age, nationality and
professional status (self-employed, salaried
employee, skilled worker, unskilled work-
er), maternal occupation in farming or gar-
dening, and the occurrence of the same
malformation in an older brother.
Results
Table 1 shows the risk of cryptorchidism
and hypospadias in relation to parental
occupations in farming and gardening. The
risk of cryptorchidism was significantly
increased in the sons ofwomen working in
farming or gardening [odds ratio (OR) =
1.38; 95% confidence interval (CI),
1.10-1.73]. The risk was most pronounced
in the sons ofwomen working in gardening
(OR = 1.67; CI, 1.14-2.47). Adjustment
for birth weight had no material influence
on the estimates. Paternal occupation in
farming or gardening had no effect on the
risk of cryptorchidism (OR = 1.08; CI,
0.97-1.22). The association between mater-
nal occupation in gardening and cryp-
torchidism accounts onlyforasmall fraction
ofthe total occurrence ofcryptorchidism in
the population. With an OR of 1.7 and a
prevalence ofexposureof0.4%, the attribut-
able proportion is onlyaround 0.3%.
Maternal or paternal occupation in
farming or gardening had no significant
effect on the risk ofhypospadias.
The effects presented in Table 1 were
not materially affected by adjustment for
gestational age, parity, twin birth, maternal
history of previous stillbirth, parental age,
nationality and professional status (self-
employed, salaried employee, skilledworker,
unskilled worker), maternal occupation in
farming or gardening, and the occurrence of
thesame malformation in an olderbrother.
To anticipate the risk ofattenuation of
the estimated parameters due to erroneous
diagnosis or coding of the diagnosis, we
repeated all analyses on the subsets consist-
ing of cases who had a record ofsurgical
treatment related to cryptorchidism or
hypospadias. These analyses excluded boys
with spontaneous descent of the testes
before 1 year ofage, as orchiopexy was not
routinely performed on children younger
than this age. The results, presented in
Table 2, were similar to the results in Table
1. A slight attenuation of the parameter
estimates was seen, from 1.38 to 1.36 for
maternal occupation in farming or garden-
ing and from 1.67 to 1.52 for maternal
occupation in gardening. Furthermore, the
width ofthe confidence intervals ofthe esti-
mated parameters increased, as was expect-
ed due to the decrease insample size.
Discussion and Conclusion
This register-based case-control study in
Denmark was designed to determine the
association between parental occupation in
the farming and gardening industry and
the occurrence ofhypospadias and cryp-
torchidism in the maleoffspring.
We found a significantly increased risk
ofcryptorchidism in the sons offemale gar-
deners and no effect of paternal work in
gardening on cryptorchidism. Our results
are coherent with earlier studies reporting
an increased frequency of orchiopexy in
areas with extensive use of pesticides in
Table 1. The occurrence ofcryptorchidisim and hypospadias in sons ofgardeners and farmers
Cryptorchidism Hypospadias
Controls (%) Cases(%) Cases (%)
(n= 23,273) (n= 6,177) OR8 ORb Cib (n=1,345) ORa ORb CIb
Mother infarming orgardening 1.3 1.8 1.35 1.38 1.10-1.73 1.6 1.22 1.27 0.81-1.99
Farming 0.8 1.0 1.21 1.28 0.94-1.73 0.8 1.10 1.26 0.68-2.33
Gardening 0.4 0.6 1.73 1.67 1.14-2.47 0.4 0.95 0.85 0.34-2.11
Other and not available 0.2 0.2 - - - 0.4 - -
Father infarming or gardening 6.4 6.8 1.05 1.08 0.97-1.22 6.8 1.11 1.19 0.96-1.49
Farming 4.1 4.3 1.02 1.08 0.93-1.24 4.2 1.06 1.16 0.88-1.53
Gardening 0.3 0.4 1.26 1.28 0.80-2.04 0.5 1.41 1.47 0.63-3.39
Other and notavailable 2.0 2.1 - - - 2.2 - -
Abbreviations: OR, odds ratio; Cl, 95% confidence interval.
aAdjusted foryear ofbirth.
bAdjusted foryearof birth and birthweight
Table 2.The occurrence ofcryptorchidism andhypospadias in sons ofgardeners andfarmers,withanalyses restricted to caseswith a record ofsurgicaltreatment
Cryptorchidism Hypospadias
Controls (%) Cases(%) Cases(%)
(n =23,273) (n =4,226) ORa ORb cib (n =650) ORa ORb CIb
Mother infarming orgardening 1.3 1.8 1.34 1.36 1.05-1.77 1.1 0.84 0.90 0.42-1.92
Farming 0.8 1.0 1.22 1.27 0.90-1.80 0.9 1.22 1.43 0.63-3.25
Gardening 0.4 0.6 1.57 1.52 0.96-2.40 0.2 0.41 0.37 0.05-2.70
Other and not available 0.2 0.2 - - - 0.0 - -
Father infarming orgardening 6.4 6.8 1.04 1.08 0.94-1.23 6.5 1.05 1.15 0.83-1.58
Farming 4.1 4.5 1.08 1.13 0.96-1.33 3.7 0.94 1.04 0.69-1.58
Gardening 0.3 0.4 1.09 1.10 0.62-1.95 0.2 0.49 0.51 0.07-3.69
Other and notavailable 2.0 1.9 - - - 2.6 - -
Abbreviations: OR, odds ratio; Cl,95% confidence interval.
aAdjusted for year of birth.
bAdjusted for year of birth and birth weight
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Spain (21) and an increased occurrence of
cryptorchidism in boys born on Norwegian
farms where pesticides had been in use
(24). These studies made no discrimination
between paternal and maternal exposure. A
biologic effect mediated through paternal
exposure seems less plausible than an effect
on the embryo that acts through the moth-
er. The inclusion ofpaternal exposure thus
serves as a control because factors related to
the lifestyle of agricultural families would
lead to an apparent effect ofboth maternal
and paternal exposure, while an effect seen
only or predominantly in relation to mater-
nal exposure provides a higher degree of
evidence ofa true effect.
Maternal estrogen exposure during preg-
nancy has been shown to cause cryp-
torchidism in the offspring ofmice and rats
(16,1/), and prenatal exposure ofrats to the
antiandrogenic pesticide vinclozolin has also
been associated with cryptorchidism (32).
The increased risks of cryptorchidism
among sons offemale gardeners could there-
fore, in principle, be attributable to the
action ofestrogenic or antiandrogenic com-
pounds, as pesticides with these effects
(18-20) were used in Denmark in garden-
ing during the study period (29).
Furthermore, the estrogenic compound
nonylphenol (2X) was used in large amounts
in formulations with pesticides during the
same period (28); therefore, exposure to pes-
ticides with endocrine activities was not nec-
essary for exposure to estrogenic chemicals
to occur in the gardening industry. Dermal
and inhalation exposure to pesticides has
been found to occur among workers in
Danish greenhouses (33) and may be
expected to have occurred in our study pop-
ulation as well. Furthermore, pesticide expo-
sure in greenhouses has probably been con-
siderably higher than in farming due to the
manual working procedures applied in
greenhouses. However, these conjectures
remain speculative in the absence of mea-
sured or estimated exposures.
Women working in farming or garden-
ing during pregnancy were not necessarily
exposed to pesticides. Ifoccupational expo-
sure to fetotoxic chemicals was suspected to
occur during pregnancy, Danish legislation
permitted the pregnant woman to take
paid leave. Information on the occupation-
al status was available only for the year of
conception and not at the exact time of
conception. If prenatal exposure to pesti-
cides truly increases the risk of cryp-
torchidism, these uncertainties in exposure
assessment will tend to produce a bias in
the estimated risks from the true value and
towards unity.
Like cryptorchidism, hypospadias has
been associated with maternal exposure to
estrogenic and antiandrogenic compounds in
rodents (17,34). Alongwith an increased risk
of cryptorchidism, a moderately increased
risk of hypospadias was found among sons
born on Norwegian farms where pesticides
and tractor spraying equipment had been in
use (24), whereas the risk ofhypospadias was
not increased among sons of agricultural
workers in California (35). We were not able
to detect an increased risk of hypospadias
among sons ofparents working in farming or
gardening. Either the exposure was insuffi-
cient, the association of hypospadias with
gardening or farming was too weak to be
detectable among the available number of
cases potentially exposed to pesticides, or no
such association trulyexists in humans.
We have observed a statistically signifi-
cant increased occurrence ofcryptorchidism
in sons offemale gardeners, but we empha-
size that the increase is ofmoderate magni-
tude and that this association can only
account for a small proportion of the total
occurrence ofcryptorchidism in the popula-
tion. However, our finding substantiates
earlier reports ofan increased risk ofurogen-
ital malformations among boys potentially
exposed to pesticides in utero and confines
the increased risk to maternal occupation. It
remains to be established whether this asso-
ciation is caused by prenatal exposure to
occupationally related chemicals and, more
specifically, estrogenic and other hormone-
disrupting agents. Studies with detailed
exposure assessment are warranted in order
to explore these associations more fully.
REFERENCES AND NOTES
1. Bostofte E, Serup J, Rebbe H. Has the fertility of
Danish men declined through the years in terms of
semen quality? A comparison of semen qualities
between 1952 and 1972. lntJ Fertil 28:91-95 (1983).
2. Carlsen E, Giwercman A, Keiding N, Skakkebaek NE.
Evidence for decreasing quality of semen during past
50 years. Br Med J 305:609-613 (1992).
3. Auger J, Kunstmann JM, Czyglik F, Jouannet P.
Decline in semen quality among fertile men in Paris
during the past 20 years. N EngI J Med 332:281-285
(1995).
4. Irvine S, Cawood E, Richardson D, MacDonald E,
Aitken J. Evidence of deteriorating semen quality in
the United Kingdom: birth cohort study in 577 men in
Scotland over 11 years. Br Med J 312:467-471 (1996).
5. Van Waeleghem K, De Clercq N, Vermeulen L,
Schoonjans F, Comhaire F. Deterioration of sperm
quality in young healthy Belgian men. Hum Reprod
11:325-329 (1996).
6. Fisch H, Goluboff ET. Geographic variations in sperm
counts: a potential cause of bias in studies of semen
quality. Fertil Steril 65:1044-1046 (1996).
7. Swan SH, Elkin EP, Fenster L. Have sperm densities
declined? A reanalysis of global trend data. Environ
Health Perspect 105:1228-1232 (1997).
8. Coleman MP, Esteve J, Damiecki P, Arslan A, Renard
H. Testis. In: Trends in Cancer Incidence and
Mortality (Coleman M, Esteve J, Damiecki P, Arslan
A, Renart H, eds). IARC Scientific Publications No
121. Lyon:lnternational Agency for Research on
Cancer, 1993;521-543.
9. Forman 0, MaIler H. Testicular cancer. Cancer Surv
19/20:323-341 (1994).
10. Adami H, Bergstrom R, Mohner M, Zatonski W, Storm
H, Ekbom A, Tretli S, Teppo L, Ziegler H, Rahu M, et
al. Testicular cancer in nine northern European coun-
tries. lntJ Cancer 59:33-38 (1994).
11. John Radcliffe Hospital Cryptorchidism Study Group.
Cryptorchidism: an apparent substantial increase
since 1960. Br Med J 293:1401-1404 (1986).
12. Paulozzi LJ, Erickson JD, Jackson RJ. Hypospadias
trends in two US surveillance systems. Pediatrics
100:831-834 (1997).
13. Czeizel A, Toth J, Czvenits E. Increased birth preva-
lence of isolated hypospadias in Hungary. Acta
Paediatr Hung 27:329-337 (1986).
14. Kalldn B, Bertollini R, Castilla E, Czeizel A, Knudsen
LB, Martinez Frias ML, Mastroiacovo P, Mutchinick
0. A joint international study on the epidemiology of
hypospadias. Acta Paediatr Scand Suppl 324:1-52
(1986).
15. Sharpe RM, Skakkebaek NE. Are oestrogens involved
in falling sperm counts and disorders of the male
reproductive tract? Lancet 341:1392-1395 (1993).
16. Grocock CA, Chariton HM, Pike MC. Role of the fetal
pituitary in cryptorchidism induced by exogenous
maternal oestrogen during pregnancy in mice. J
Reprod Fertil 83:295-300 (1988).
17. Vorherr H, Messer RH, Vorherr UF, Jordan SW,
Kornfeld M. Teratogenesis and carcinogenesis in rat
offspring after transplacental and transmammary
exposure to diethylstilbestrol. Biochem Pharmacol
28:1865-1877 (1979).
18. Kupfer D, Bulger WH. Estrogenic actions of chlorinat-
ed hydrocarbons. In: Effects of Chronic Exposures to
Pesticides on Animal Systems. (Chambers JE,
Yarbrough JD, eds). New York:Raven Press,
1982;121-146.
19. Soto AM, Chung KL, Sonnenschein C. The pesticides
endosulfan, toxaphene, and dieldrin have estrogenic
effects on human estrogen-sensitive cells. Environ
Health Perspect 102:380-383 (1994).
20. Kelche WR, Monosson E, Gamcsik MP, Laws SC,
Gray LE. Environmental hormone disruptors: evidence
that vinclozolin developmental toxicity is mediated by
antiandrogenic metabolites. Toxicol AppI Pharmacol
126:276-285 (1994).
21. Garcia-Rodriguez J, Garcia-Martin M, Nogueras-
Ocana M, de Dios Luna-del-Castillo J, Espigares-
Garcia M, Olea N, Lardelli-Claret P. Exposure to pes-
ticides and cryptorchidism: geographical evidence
of a possible association. Environ Health Perspect
104:1090-1095 (1996).
22. Restrepo M, Munoz N, Day N, Parra JE, Hernandez C,
Blettner M, Giraldo A. Birth defects among children
born to a population occupationally exposed to pesti-
cides in Colombia. Scand J Work Environ Health
16:239-246 (1990).
23. Garry VF, Schreinemachers D, Harkins ME, Griffith J.
Pesticide appliers, biocides, and birth defects in rural
Minnesota. Environ Health Perspect 104:394-399
(1996).
24. Kristensen P, Irgens LM, Andersen A, Bye AS,
Sundheim L. Birth defects among offspring of
Norwegian farmers, 1967-1991. Epidemiology
8:537-544 (1997).
25. Munger R, lsacson P, Kramer M, Hanson J, Burns T,
Cherryholmes K, Hausler W Jr. Birth defects and pes-
ticide-contaminated water supplies in Iowa. Am J
Epidemiol 136:959 (1992).
26. Stallones L, Merchant D, Criswell L, Keefer S.
Congenital anomalies and pesticides. Ann Agric
Environ Med 1:191 (1994).
27. White R, Jobling S, Hoare SA, Sumpter JP, Parker
MG. Environmentally persistent alkylphenolic com-
pounds are estrogenic. Endocrinology 135:175-182
(1994).
28. Borglum B. Kortlagning over tilsetningsstoffer
ukrudtsmidler. Copenhagen:Ministry of Environment
and Energy, Danish Environmental Protection Agency,
1990.
29. Danish Environmental Protection Agency. Orientering
fra Miljistyrelsen. Salg af bekxempelsesmidler
1986-1992. Copenhagen:Ministry of Environment and
Energy, Danish Environmental Protection Agency,
1989-1994.
Environmental Health Perspectives * Volume 106, Number 12, December 1998 795Articles * Sloth Weidner et al.
30. Statistics Denmark. The Fertility Database. Guide to
Extracting Data from the Fertility Database.
Copenhagen:Statistics Denmark, 1998.
31. Statistics Denmark. Statistics on Persons in Denmark.
A Register-based Statistical System. Luxembourg:
Office for Official Publications of the European
Communities, 1995.
32. Gray LE Jr, Ostby JS, Kelce WR. Developmental
effects of an environmental antiandrogen: the fungi-
cide vinclozolin alters sex differentiation of the male
rat. Toxicol AppI Pharmacol 129:46-52 (1994).
33. Kirknel E, Rasmussen AN, Emde G. Pesticide Re-entry
Exposure of Workers in Greenhouses. Pesticides
Research No. 1. Copenhagen:Ministry of Environment
and Energy, Danish Environmental Protection Agency,
1997.
34. Gray LE Jr, Kelce WR. Latent effects of pesticides
and toxic substances on sexual differentiation of
rodents. Toxicol Ind Health 12:515-531 (1996).
35. Schwartz DA, Newsum LA, Heifetz RM. Parental
occupation and birth outcome in an agricultural com-
munity. Scand J Work Environ Health 12:51-54(1986).
Upcoming~. ...... ......... 1999. 2000. .. ..Monographs
. ... . ..s...i nE.....
...... ...
.. .
........... ....
796 Volume 106, Number 12, December 1998 * Environmental Health Perspectives